Introduction
============

The most common and devastating of neuroglial tumors is glioblastoma multiforme (GBM), a grade IV astrocytoma ([@b1-ol-0-0-3873]--[@b3-ol-0-0-3873]). Despite advanced treatment with surgery, chemotherapy and radiotherapy, the prognosis for patients with GBM remains extremely poor, with a five-year survival rate of \<3% ([@b2-ol-0-0-3873],[@b3-ol-0-0-3873]). As numerous studies have indicated that complex cellular and molecular events may be involved in oncogenesis and progression of GBM, it is vital to investigate its molecular mechanisms and to identify efficient markers with prognostic and therapeutic significance ([@b1-ol-0-0-3873]--[@b3-ol-0-0-3873]).

The Wnt signaling pathway is crucial in the processes of cell proliferation, cell differentiation and embryonic development, and its role in the development of GBM has been previously reported ([@b4-ol-0-0-3873]). An important downstream component in the canonical Wnt signaling pathway is β-catenin, which is responsible for the coordination of gene transcription and cell-cell adhesion. The overexpression and mutation of β-catenin are associated with numerous types of cancer, including endometrial cancer, ovarian cancer and hepatocellular carcinoma ([@b5-ol-0-0-3873]). When the Wnt protein interacts with Frizzled family receptors to induce the Wnt signaling pathway, β-catenin accumulates in the cell cytoplasm before translocating into the nucleus to serve as a transcriptional coactivator for transcription factors of the T-cell factor/lymphoid enhancer factor (TCF/LEF) family ([@b4-ol-0-0-3873],[@b6-ol-0-0-3873]). This leads to the activation of downstream target genes, including c-Jun, cyclin D1 and c-Myc ([@b5-ol-0-0-3873]).

Secreted frizzled-related protein 1 (SFRP1), which maps to chromosome 8p12-p11.1, is the soluble modulator of the Wnt signaling pathway ([@b4-ol-0-0-3873]--[@b6-ol-0-0-3873]). SFRP1 interacts with Wnt proteins to prevent them from binding frizzled receptors ([@b4-ol-0-0-3873],[@b6-ol-0-0-3873]). In addition, SFRP1 is able to antagonize Wnt signaling by the formation of an inhibitory complex with frizzled receptors ([@b4-ol-0-0-3873]). Inactivation of SFRP1 has been reported in various types of malignancy, including gastric cancers, ovarian cancers, prostate cancers, breast cancers, mesothelioma and bladder cancers ([@b6-ol-0-0-3873]).

However, the significance of SFRP1 and β-catenin expression in a clinical setting and its prognostic value in GBM remain to be examined. The aim of the current study was to investigate whether SFRP1 was associated with β-catenin in terms of protein levels, and whether the expression of SFRP1 and β-catenin had prognostic significance in patients with GBM.

Materials and methods
=====================

### Patients and specimens

Approval was obtained from the Ethics Committee of The Tumor Hospital of Harbin Medical University (Harbin, China). All patients provided written informed consent. A total of 153 samples were collected from patients of The Tumor Hospital of Harbin Medical University between March 2000 and January 2012, including 113 histologically confirmed GBM samples and 40 normal brain tissue samples. The GBM patients comprised 62 males and 51 females, with a median age of 53.2 years (range, 32--74 years). Patients who had previously received radiotherapy or chemotherapy were excluded. Clinical information for each patient, including gender, age, tumor size, Karnofsky performance status (KPS) ([@b7-ol-0-0-3873]) score, resection degree and history of adjuvant treatment, was obtained from medical records. All patients completed the follow-up until mortality. During surgical removal of deep benign tumors, normal brain tissue samples were obtained from 24 male and 16 female patients, in the region between the brain surface and the deep brain tumors.

### Immunohistochemistry

GBM tissues were fixed in 10% formalin, embedded in paraffin wax, cut into 4-µm sections and mounted on pre-coated slides for use in immunohistochemical analysis. All slides were deparaffinized in xylene (Beyotime Institute of Biotechnology, Haimen, China), rehydrated through a graduated alcohol series and immersed in 3% H~2~O~2~ (Beyotime Institute of Biotechnology) for 10 min to inactivate endogenous peroxidases. After washing twice for 5 min with phosphate-buffered saline (PBS; pH 7.2; Beyotime Institute of Biotechnology), the slides were submerged in 0.01 mol/l citrate buffer (Beyotime Institute of Biotechnology; pH=6.0) for 10 min and heated at 95°C in a microwave oven for antigen retrieval. To reduce non-specific reactivity, 10% normal goat serum (Bioss, Inc., Beijing, China) was used for 60 min. Subsequently, primary antibodies \[polyclonal rabbit anti-human SFRP1 (dilution, 1:100; cat no. AP9037A; Abgent, Inc., San Diego, CA, USA) and monoclonal mouse anti-human β-catenin (dilution, 1:100; cat no. sc59737; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA)\] were added separately for overnight incubation at 4°C. The slides were then incubated with a secondary antibody \[biotin-labelled goat anti-mouse (cat no. ZDR-5307) or anti-rabbit antibody (cat no. ZDR-5306); dilution, 1:500; Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, China\] for 1 h at room temperature after washing with PBS (2×5 min). Thereafter, the slides were stained with 3,3-diaminobenzidine (Zhongshan Golden Bridge Biotechnology Co., Ltd.) for color development. Finally, the slides were counterstained with hematoxylin (Beyotime Institute of Biotechnology), dehydrated and mounted. For the negative control, normal murine IgG (Beyotime Institute of Biotechnology) was used instead of primary antibody.

### Evaluation of staining

Immunohistochemically stained slides were viewed separately by two investigators blinded to the clinical information of the patients. Two areas of each slide were randomly selected, from which the number of positively stained cells were counted using a light microscope (DM2700M; Leica Camera AG, Solms, Germany) to determine the percentage of cells expressing each marker. A scoring scale was used to evaluate the percentage of cells stained (0, 0%; 1, 1--25%; 2, 26--50%; or 3, 51--100%) and intensity of staining (0, negative; 1, low; 2, moderate; 3, strong). The overall immunohistochemical scores were determined by combining the two staining scores (frequency plus intensity). An immunohistochemical score ≥3 was defined as positive expression, whereas a score ≤2 was defined as negative expression.

### Statistical analysis

SPSS software version 19.0 (IBM SPSS, Armonk, NY, USA) was used for statistical analysis. The associations between the expression of SFRP1/β-catenin and clinicopathological characteristics in GBM patients were assessed using a χ^2^ test or Fisher\'s exact probability test. The correlation between SFRP1 and β-catenin expression was evaluated using Spearman\'s rank correlation coefficient. The Kaplan-Meier method was used to estimate survival curves and a log-rank test was conducted to evaluate differences in survival distributions. The Cox proportional hazards model was used for the multivariate analyses of prognostic factors. P\<0.05 was considered to indicate statistical significance.

Results
=======

### Expression of SFRP1 and β-catenin in GBM

The levels and patterns of expression of SFRP1 and β-catenin in GBM tissues and normal brain tissues were examined by immunohistochemical staining. In glioblastoma cells, SFRP1 protein was primarily detected in the cytoplasm, while β-catenin protein was primarily detected in the cytoplasm and nucleus. Representative images of negative and positive expression of SFRP1 and β-catenin are shown in [Fig. 1](#f1-ol-0-0-3873){ref-type="fig"}. The rates of positive SFRP1 and β-catenin expression in GBM were 33.63% (38/113 samples) and 72.57% (82/113 samples), respectively. By contrast, normal brain tissue samples exhibited positive expression rates of 77.5% (31/40 samples) and 17.5% (7/40 samples) for SFRP1 and β-catenin, respectively. The differences in the rates of expression of the two proteins between GBM samples and normal brain samples were statistically significant (P\<0.001).

### Associations between the expression of SFRP1 and β-catenin and clinicopathological characteristics

As shown in [Table I](#tI-ol-0-0-3873){ref-type="table"}, expression of SFRP1 was significantly associated with tumor size (P=0.001), KPS score (P=0.035) and resection degree (P\<0.000). No significant correlation between SFRP1 expression and patient age or gender was found. Regarding β-catenin, its expression was significantly associated with gender (P=0.011) and resection degree (P\<0.000) ([Table I](#tI-ol-0-0-3873){ref-type="table"}). However, β-catenin expression was not significantly associated with age, tumor size or KPS score.

### Association of SFRP1 expression levels with β-catenin expression status

Spearman\'s rank correlation coefficient was performed to calculate the association of SFRP1 level with β-catenin. Of the 75 GBM tissues exhibiting negative expression of SFRP1, 61 tissues exhibited positive expression of β-catenin. In addition, of the 38 GBM tissues with positive SFRP1 staining, 17 had negative expression of β-catenin ([Table II](#tII-ol-0-0-3873){ref-type="table"}). Based on Spearman\'s rank correlation coefficient analysis, there is a close inverse correlation between β-catenin and SFRP1 expression (r=-0.276, P=0.003).

### Prognostic implications of SFRP1 and β-catenin expression in patients with GBM

The associations of SFRP1 and β-catenin expression with overall survival (OS) of patients with GBM were analyzed using the Kaplan-Meier method ([Fig. 2](#f2-ol-0-0-3873){ref-type="fig"}). The results indicated that patients with positive SFRP1 expression have significantly longer OS times relative to those with negative SFRP1 expression (median, 12 vs. 6 months; P\<0.000). Accordingly, patients with positive β-catenin expression have shorter OS time (median, 6 months) relative to those with negative β-catenin expression (median, 12 months; P\<0.000).

Furthermore, based on a multivariate Cox regression analysis (which included patient age, gender, tumor size, KPS score, resection degree, receipt of adjuvant treatment, SFRP1 expression and β-catenin expression), adjuvant treatment (HR, 5.538; 95% CI, 2.101--9.803; P\<0.000), β-catenin expression (HR, 2.736; 95% CI, 1.511--4.952; P=0.001) and SFRP1 expression (HR, 0.483; 95% CI, 0.283--0.825; P=0.008) were all independent predictors for OS in GBM patients ([Table III](#tIII-ol-0-0-3873){ref-type="table"}).

Discussion
==========

The pathogenesis of GBM is a process of many stages, depending on multiple steps and factors; this includes abnormalities in various cellular adhesive factors, mismatch repair genes, tumor suppressor genes and oncogenes ([@b1-ol-0-0-3873]--[@b3-ol-0-0-3873]). SFRP1 and β-catenin, important members of the Wnt signaling pathway, are involved in numerous cellular processes, including DNA damage response, cell cycle regulation, proliferation, differentiation and apoptosis ([@b6-ol-0-0-3873],[@b8-ol-0-0-3873]). Increasing numbers of studies have provided evidence that SFRP1 and β-catenin are crucial in the tumorigenesis of a number of malignancies, including non-small-cell lung, hepatocellular, breast and colorectal carcinomas ([@b9-ol-0-0-3873]--[@b12-ol-0-0-3873]). However, the significance of SFRP1 and β-catenin expression in the clinical setting and their prognostic value in GBM have not yet been established. Therefore, the current study investigated whether SFRP1 was associated with β-catenin in terms of protein levels, and whether SFRP1 and β-catenin levels had prognostic significance in patients with GBM.

β-catenin maps to chromosome 3p2.1 and was initially identified as an adhesion molecule in 1980 by Walt Bichmeier ([@b4-ol-0-0-3873],[@b6-ol-0-0-3873]). Shortly afterwards, it was found to be a member of the canonical Wnt signaling pathway and serve as a marker of pathway activation ([@b13-ol-0-0-3873]). The Wnt signaling pathway may be activated through the accumulation and/or altered localization of β-catenin. Thereafter, β-catenin forms a complex with the TCF/LEF family of transcription factors, resulting in the activation of growth-controlling genes ([@b14-ol-0-0-3873]--[@b17-ol-0-0-3873]). The role of β-catenin in human carcinomas has been extensively studied ([@b15-ol-0-0-3873]--[@b17-ol-0-0-3873]). However, reports regarding the relationship between prognosis and the expression status of β-catenin in human cancers are limited. Wang *et al* ([@b16-ol-0-0-3873]) assessed β-catenin expression in 60 patients with ovarian serous carcinoma using immunohistochemical staining. This revealed that positive β-catenin expression was associated with poor prognosis. Similarly, Ji *et al* ([@b17-ol-0-0-3873]) assessed β-catenin mRNA expression levels in 40 esophageal carcinoma patients using reverse transcription-polymerase chain reaction and found that patients with esophageal carcinoma with high β-catenin expression had a poorer survival rate and a higher rate of lymph node metastasis. In the current study, the positive expression rate of β-catenin in GBM samples was higher relative to that in normal brain specimens. Furthermore, β-catenin expression in GBM was also revealed to be associated with patient gender and degree of resection. Based on multivariate analysis, positive β-catenin expression was a significant independent prognostic factor for reduced OS time in patients with GBM. These results are consistent with those of studies conducted in other cancer types ([@b16-ol-0-0-3873],[@b17-ol-0-0-3873]), suggesting that the Wnt signaling pathway may affect clinical behavior and outcome in patients with GBM.

SFRP1 is a 35 kDa prototypical member of the secreted frizzled-related protein family and maps to chromosome 8p12-p11.1. Silencing of SFRP1 in tumors has been extensively reported, indicating that aberrant inactivation of SFRP1 may be a common mechanism of Wnt signaling activation in solid tumors ([@b9-ol-0-0-3873],[@b11-ol-0-0-3873]). In the present study, the positive rate of SFRP1 expression in glioblastoma samples was lower than that in normal brain specimens, and the protein levels of SFRP1 and β-catenin were inversely correlated with one another. These findings support the concept of a cancer suppressive role of SFRP1 in human malignancies. Currently, available literature regarding the association between prognosis and the expression status of SFRP1 in human carcinomas is limited. To the best of our knowledge, the present study is the first to investigate this aspect in GBM. The results indicate that SFRP1 expression in GBM is also linked to tumor size, KPS score and degree of resection. According to the multivariate analysis, positive SFRP1 expression was associated with a more favorable prognosis for patients with GBM compared with that of patients with negative SFRP1 expression. These findings indicate that low expression of SFRP1 may promote the progression of GBM. Two possible mechanisms by which low expression of SFRP1 may occur are regulation of microRNA (miR) and methylation of SFRP1 gene promoters. Delic *et al* ([@b18-ol-0-0-3873]) demonstrated that SFRP1 was a direct miR-328 target by employing 3′ untranslated region luciferase assays as well as miR mimics and inhibitors in glioma cells. Meng *et al* ([@b19-ol-0-0-3873]) investigated epigenetic inactivation of the SFRP1 gene in esophageal squamous-cell carcinoma, confirming that complete methylation of the SFRP1 gene promoter was associated with its markedly reduced expression level. Related mechanisms have also been demonstrated in cholangiocarcinoma, lung cancer, prostate cancer, bladder cancer, colon cancer and ovarian cancer ([@b1-ol-0-0-3873],[@b20-ol-0-0-3873]--[@b23-ol-0-0-3873]). However, future prospective studies are required to further elucidate the efficiency and accuracy of SFRP1 expression in predicting the prognosis of patients with GBM in order to tailor treatment.

In conclusion, the upregulation of β-catenin protein and downregulation of SFRP1 protein may be important features of GBM. β-catenin and SFRP1 proteins may be crucial for the progression and prognosis of patients with GBM, indicating that the expression of these proteins may be considered as independent prognostic and early diagnostic markers.
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###### 

Associations between the expression of SFRP1, β-catenin and clinicopathological characteristics in human glioblastoma.

                                   SFRP1 expression, n (%)   β-catenin expression, n (%)                                             
  ------------------------- ------ ------------------------- ----------------------------- ----------- --------------- ------------- ---------
  Total                     113    75 (66.37)                  38 (33.63)                                31 (27.43)    82 (72.57)    
  Age, years                                                                                 0.896                                     0.159
    \<50                      90   60 (66.67)                  30 (33.33)                                22 (24.44)    68 (75.56)    
    ≥50                       23   15 (65.22)                    8 (34.78)                                 9 (39.13)   14 (60.87)    
  Gender                                                                                     0.734                                     0.011
    Female                    51   33 (64.71)                  18 (35.29)                                20 (39.22)    31 (60.78)    
    Male                      62   42 (67.74)                  20 (32.26)                                11 (17.74)    51 (82.26)    
  Tumor size, cm                                                                             0.001                                     0.564
    \<5                       74   57 (77.03)                  17 (22.97)                                19 (25.68)    55 (74.32)    
    ≥5                        39   18 (46.15)                  21 (53.85)                                12 (30.77)    27 (69.23)    
  KPS score                                                                                  0.035                                     0.507
    \<80                      42   33 (78.57)                    9 (21.43)                               10 (23.81)    32 (76.19)    
    ≥80                       71   42 (59.15)                  29 (40.85)                                21 (29.58)    50 (70.42)    
  Resection degree                                                                           \<0.001                                 \<0.001
    Gross total resection     64   56 (87.50)                    8 (12.50)                               4 (6.25)      60 (93.75)    
    Partial resection         34     5 (14.71)                 29 (85.29)                                26 (76.47)      8 (23.53)   
    Biopsy                    15   14 (93.33)                  1 (6.67)                                  1 (6.67)      14 (93.33)    

KPS, Karnofsky performance status; SFRP1, secreted frizzled-related protein-1.

###### 

Association of SFRP1 expression levels and β-catenin expression status in glioblastoma patients (n=113).

                  β-catenin expression, n                
  ---------- ---- ------------------------- ---- ------- --------
  Negative   75   14                        61   0.003   −0.276
  Positive   38   17                        21           

SFRP1, secreted frizzled-related protein-1.

###### 

Multivariate Cox regression analysis of potential prognostic factors for survival of glioblastoma.

  Variable             Comparison                               Risk ratio   95% CI         P-value
  -------------------- ---------------------------------------- ------------ -------------- ---------
  Age, years           \<50 vs. ≥50                             0.742        0.423--1.303     0.300
  Gender               Female vs. male                          1.023        0.630--1.659     0.928
  Tumor size, mm       \<30 vs. ≥30                             1.348        0.821--2.213     0.238
  KPS score            \<80 vs. ≥80                             1.176        0.741--1.868     0.491
  Resection degree     Gross total resection vs. other          1.417        0.872--2.302     0.159
  Adjuvant treatment   Radiotherapy or chemotherapy vs. other   4.538        2.101--9.803   \<0.001
  β-catenin            Negative vs. positive                    2.736        1.511--4.952     0.001
  SFRP1                Negative vs. positive                    0.483        0.283--0.825     0.008

CI, confidence interval; KPS, karnofsky performance status; SFRP1, secreted frizzled-related protein-1.
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